ABSTRACT 25
It is well documented that antibiotics have pronounced modulatory effects on the intestinal bacterial 26 community of both humans and animals, with potential health consequences. The gut microbiota of 27 mink has however attracted little attention due to low bacterial load and fast gastrointestinal transit 28 time, questioning its relevance. In the present study we hypothesise that oral amoxicillin treatment 29 affects the gut microbiota in mink. This was investigated in a controlled trial including 24 animals 30 of which 12 were treated with amoxicillin for seven days. By applying 16S rRNA gene sequencing 31 we found that the faecal microbiota was markedly altered already after two days of treatment, with 32 a surprising increase in diversity to resemble the feed. The diversity within the mucosa at 33 termination was however reduced, which indicates this compartment as an important colonization 34 site in mink. No impact on blood biochemistry, lipid metabolism, serum amyloid A, vitamins A and 35 E and histomorphology of the gut and liver was found, however, a slight decrease in fat digestibility 36 was observed. We suggest that early life use of amoxicillin in mink production may be 37 counteractive as dysbiosis of the microbiota during infancy is increasingly being recognized as a 38 risk factor for future health. 39 
INTRODUCTION 41
The rich microbial community residing in the intestinal tract of humans and animals is collectively 42 termed the gut microbiota. There is a growing body of evidence manifesting that the function of this 43 gut microbiota is not restricted to general digestion of nutrients in the intestine but also plays a 44 tremendously important role in relation to general health including programing of the immune 45 system especially in early life (Matamoros et al. 2013 ; Albenberg and Wu 2014; Round and 46 Mazmanian 2014). In addition, the gut microbiota has the capacity to synthesize vitamins B and K 47 (LeBlanc et al. 2013) , deconjugate bile acids (Jones et al. 2008 ) and produce short chain fatty acids 48 and antimicrobial compounds, which overall may limit pathogen colonization and proliferation 49 (Kamada et al. 2013 ). Perturbation of the intrinsic balance between the hundreds of different 50 species within this ecosystem is especially profound following exposure to antimicrobial 51 compounds and it is well established that oral antibiotic treatment may cause large shifts in 52 intestinal bacterial community composition in both humans (Panda et al. 2014) , rodents (Tulstrup et 53 al. 2015) and numerous other animals representing both vertebrate- (Grønvold et al. 2010) and 54 invertebrate species (Raymann, Shaffer and Moran 2016) . The effect of antibiotic treatment on the 55 gut microbiota is highly dependent on the class and spectrum of the drug in question (Tulstrup et al. Recently, high throughput techniques using 16S rRNA gene sequencing of mucosa associated 65 intestinal samples obtained from mink has showed that the gut microbiota in adult mink is 66 commonly dominated by bacteria belonging to the phylum Firmicutes (especially the class 67
Clostridia) with few Bacteroidetes, but may also contain high numbers of both Proteobacteria and 68 or the entire farm, including both sick and asymptomatic animals, there is a need to understand the 89 potential impact of the oral antimicrobial administration on the microbiota of the healthy mink gut. 90
The present study was designed to investigate the induced changes in the bacterial community 91 composition of the gut microbiota as well as changes related to biochemical profile, vitamin A and 92 E levels, lipid metabolism, levels of acute phase reactant serum amyloid A, and histomorphological 93 parameters in the gut and liver following a standard treatment period of 7 days with daily oral 94 amoxicillin administered to clinically healthy growing male mink. 95
96

MATERIALS AND METHODS
97
Ethical statement 98
All institutional and national guidelines for the care and use of laboratory animals were followed. 4.2%, respectively. All mink were fed 180 g of a diet produced at the local central of feedstuff once 115 a day in the morning and had free access to tap water. The same batch of feed was used throughout 116 the entire study. 117
Experimental design 119
The study was designed as a parallel group experiment. Mink were allocated in two groups by 120 randomized stratification with one littermate in each group (Fig. 1) . Amoxicillin (Octacillin Vet. 121 800 mg g -1 , amoxicillin trihydrate corresponding to 697 mg amoxicillin), 20 mg kg -1 was 122 administered orally to the treatment group (AMX) from Day 0 and for 7 consecutive days while no 123 treatment was given to the control group (CON). The antimicrobial compound was mixed in the 124 feed ration. General health checks were made in the morning and afternoon throughout the study. 125
126
Gastrointestinal transit time 127
On Day -4 (relative to the antibiotic intervention) a study of the feed transit time was conducted to 128 verify that the transit time in the gastrointestinal tract (GI-transit time) did not differ between the 129 two groups before the intervention (Fig. 1) . All mink received 100 plastic Hama beads (2.5x2.5 130 mm, assorted colours, Malte Haaning Plastic A/S), which have been used as a marker of GI-transit 131 time elsewhere (Hernot et al. 2005) . The beads were mixed in 50 g of feed in the morning. When 132 the 50 g ration was ingested or after one hour the rest of the daily ration without beads was given. On Days -5 and 2 faeces was collected from a sterile plastic drape placed under the cages using 153 disposable forceps and directly transferred to cryovials after voiding (CryoPure Tube 1.8 ml, 154 SARSTEDT, Germany). Samples were kept on dry ice until they were transferred to storage at -155 80°C. On Day 7 all mink were euthanized by initial sedation with a mixture of 0.6 ml ketamine 156 At Day -4 prior to the intervention, no differences were found in gastro-intestinal transit time 236 between the CON group and the AMX group (2.9 ± 0.65 and 3.1 ± 0.98 h, respectively) ( Fig. 2A) . 237
Generally, mink in both groups lost body mass during the study (Day -5 to Day 7), but no 238 difference was seen between groups (Table 1 ) and no significant difference in feed intake was 239 observed during the intervention (Fig. 2B ) or before treatment (data not shown). 240
In the present study, no apparent changes in histomorphological parameters related to neither the 241 duodenum nor colon were seen between the two groups after the treatment (Table 1) . Furthermore, 242 no reaction in the mesenteric lymph nodes was recorded, and no difference in grading of hepatic 243 steatosis was present between groups (data not shown). 244
Treatment with amoxicillin for 7 days had no significant influence on uptake of fat-soluble 245 vitamins A and E, the level of acute phase reactant serum amyloid A, nor parameters related to 246 lipolysis e.g. triglycerides and non-esterified fatty acids (data not shown), however, significantly 247 higher levels of β-hydroxybutyrate was found in the AMX group on Day 7 (Fig. 2C ). There were no 248 differences between groups in the parameters included in the biochemical profile (data not shown). 249
A slight increase in digestibility of fat was seen in the group of mink receiving amoxicillin when 250 compared to the control group during the treatment period (Fig. 2D-F) . Data from one control mink 251 in the digestibility trial was excluded from the study because of extremely abnormal values. 252
253
Effects on the microbiota 254
On Day -5 before the treatment period, no differences in the community composition of the faecal 255 microbiota between the CON and AMX groups were observed ( Fig. 3 and 4) . Furthermore no 256 differences in alpha diversity indices were found between groups before the intervention (Fig. 5)  257 and also no separation of groups according to beta diversity was seen on Day -5 as assessed by 258
PCoA analysis of unweighted UniFrac distances (Fig. 6) . After two days of amoxicillin treatment 259 (Day 2) the number of observed species in the AMX group was significantly higher than in the 260 CON group (P<0.05), and the Shannon index was also higher although not significantly (Fig. 5A-261 B). Principle coordinate analysis of beta diversity showed that faecal samples obtained from 262 amoxicillin treated animals on Day 2 appeared to cluster together with feed samples and separate 263 from the control animals (Fig. 6B) , which is further supported by community composition 264 histograms, where samples from the AMX group Day 2 and Feed samples appear very similar (Fig.  265 3). On Day 2 the relative abundance of numerous bacterial genera were different between the CON 266 and AMX groups (Fig. 4; Table S1 , Supporting Information). 267
Analysis of mucus associated bacterial community obtained at the end of the treatment period 268 (Day 7) revealed significantly lower alpha diversity in the AMX group compared to the CON group 269 in terms of both number of observed species and Shannon diversity index (Fig. 5A-B) which 270 appeared consistent with the community composition analysis based on relative abundance of 271 bacterial classes (Fig. 3) as well as the separation of the two groups by PCoA (Fig. 6D) . Three 272 bacterial genera belonging to the Clostridia class, namely Clostridium sensu stricto, Anaerococcus 273
and Clostridium XI, were found to have a lower relative abundance in the mucus layer in the AMX 274 group compared to the CON group. 275
No faecal samples were obtained on Day 7; however, intestinal luminal samples were taken with 276 disposable forceps directly from the distal part of the colon during the dissection. These samples 277 appeared similar to mucus samples obtained on the same day in terms of bacterial composition (Fig.  278 3). The same tendency is also seen in beta-diversity (principal coordinate analysis) where intestinal 279 samples from Day 7 and mucosa samples from Day 7 appear to be similar (Fig. 6C-D) , which may 280 be due to the fact that the colon contained a sparse amount of luminal content making it difficult to 281 avoid collecting mucus in those samples. To our knowledge this is the first study to demonstrate that the intestinal microbial community 287 composition of mink, changes considerably during treatment with amoxicillin. However, during the 288 short-term intervention, no changes in parameters included in the biochemical profile, vitamin A 289 and E levels, level of acute phase reactant serum amyloid A, parameters related to the general lipid 290 metabolism nor histomorphological parameters related to the gut nor the liver were observed. The 291 general loss in body mass observed in both groups may be due to a less intensive feeding strategy as 292 well as stress factors during the study period. 293
No difference in GI-transit time was observed prior to the intervention and the community 294 composition in the faecal microbiota between the two groups before the intervention did also not 295 differ (Fig. 2, 3 and 4) . Thus, the observed difference in microbiota composition during the 296 administration of amoxicillin is a direct consequence of treatment. The early onset of changes in the 297 gut microbiota after two days of treatment with amoxicillin is consistent with other studies 298 animals comparable to that found in the feed. As mink feed has a relatively high microbial alpha 306 diversity in terms of both number of observed species and Shannon diversity this results in an 307 apparent increased count of observed species in these animals, which is thus a reflection of 308 allochthonous microbes from the feed ingredients (Savage 1977) . Interestingly, within the mucosa 309 the amoxicillin treatment has the opposite effect of reducing the alpha diversity significantly ( Clostridia were found to be affected by the amoxicillin treatment after correcting for multiple 313 testing, which is supported by the global shift in community composition (Fig. 6D) ; however, a 314 much more pronounced effect was found at the genera level in the faecal samples obtained on Day 315 2 (Fig. 4) . This supports the notion that genetic material detected in the faecal samples on Day 2 316 (AMX group) is predominantly from feed-associated bacteria and thus not colonizing microbes. faecal microbiota in the mink may be partly driven by the resident bacterial community in the 323 mucosa and partly by feed associated bacteria. We therefore speculate that the colonizing 324 microbiota associated with the mucus layer is substantially inhibited by amoxicillin on Day 2 since 325 the composition ingested appears similar to that detected in the faeces. An increased renewal of the 326 colonic mucosa is essential given the fast transit time in the gastrointestinal tract. This is consistent 327 with a recent study showing that a fast transit time is associated with an increased mucosal turnover 328 in the gut and generally related to the bacterial composition and diversity (Roager et al. 2016) . As 329 there is a link between gastrointestinal-transit time and bacterial composition and diversity, it would 330 have been interesting to have investigated transit time during the treatment period as well. 331
The elevated level of β-hydroxybutyrate in the AMX group could be caused by reduced appetite 332 in this group even though no significant difference in feed intake was observed (Fig. 2) . In the present study, no changes were seen in histomorphological parameters related the gut and 338 the liver regarding characteristics of villus-crypt complex, goblet cells, crypt depth, thickness of 339 tunica muscularis or grading of hepatic steatosis, respectively. A previous study with broilers, 340 which are also characterised by having a fast GI-transit time (Ferrando et al. 1987) , reported 341 increased villus height and improved performance, in terms of significant weight gain after 342 antibiotic growth promoter administration (Sayrafi et al. 2011) . 343
Maintenance of the host barrier function in the gut is enhanced by the commensal bacterial 344 community, which forms a colonization barrier by e.g. competitive metabolic interactions, 345 occupying intestinal niches and induction of the host immune system (Kamada et al. 2013) . In broilers, antimicrobials have been shown to enhance apparent absorption of alpha-tocopheryl 354 acetate (vitamin E) and fatty acids due to decreased deconjugation of bile acids by Clostridium 355 perfringens (Knarreborg et al. 2004 ). In the current study, the amoxicillin treated animals showed a 356 lower proportion of Clostridium sensu stricto (group containing C. perfringens) and a slightly 357 higher digestibility with no effect on protein or carbohydrate digestibility nor the levels of vitamins 358 Each dot represents a faecal-or mucus sample from individual animals in the control group (blue, 546 n=12) and amoxicillin group (red, n=12). Feed samples obtained at the end of the study are also 547 included (grey, n=5). 548 Tables  551  552  Table 1 
